Summary.-The ultrastructure of two lymphoblastoid cell lines derived from Marek's disease lymphomata has been studied. The cells varied from 5 to 12 ,um in diameter and had large round or oval nuclei. A nucleolus was occasionally present and about 3%0 of cells showed projections of the nuclear envelope. The cytoplasm contained many ribosomes and several mitochondria but endoplasmic reticulum was sparse. A small number of cells contained annulate lamellae and crystalline structures were occasionally seen. Cells with immature intranuclear herpesvirus particles were rarely present. The cells had many ultrastructural features in common with Burkitt's lymphoma-derived cell lines.
Summary.-The ultrastructure of two lymphoblastoid cell lines derived from Marek's disease lymphomata has been studied. The cells varied from 5 to 12 ,um in diameter and had large round or oval nuclei. A nucleolus was occasionally present and about 3%0 of cells showed projections of the nuclear envelope. The cytoplasm contained many ribosomes and several mitochondria but endoplasmic reticulum was sparse. A small number of cells contained annulate lamellae and crystalline structures were occasionally seen. Cells with immature intranuclear herpesvirus particles were rarely present. The cells had many ultrastructural features in common with Burkitt's lymphoma-derived cell lines.
MAREK'S DJISEASE (MD) is a lymphoproliferative disease of the domestic fowl which is caused by a herpesvirus. Whilst the desirability of establishing MD lymphoma-derived cell lines has been realized for some time (Klein, 1972) , it is only recently that such cell lines have become available (Akiyama, Kato and Iwa, 1973; Akiyama and Kato, 1974; Powell et al., 1974) . This is in contrast to Burkitt's lymphoma, which shows many similarities to MD, and from which cell lines were relatively easy to establish Epstein, 1970) . In the present communication, the fine structure of two cell lines (Powell et al., 1974) (Fig. 2, 3 ). About 3%0 of the cells showed projections of the nuclear envelope and many of the projections enclosed portions of cytoplasm (Fig. 3) . Several mitochondria were present in the cytoplasm but the endoplasmic reticulum, which was usually rough surfaced, was sparse (Fig. 2, 3 plasmii (Fig. 2) . Rtibosomiies, somne of which were in the form of polyribosomes, were abundant throughout the cytoplasm (Fig. 2, 3 ). (Crystalline structures (Fig.  4 , 5) were occasionally seen in the cytoplasm of some cells. The cells with which these structures were associated were uisually degenerate. Parallel arrays of acnnulate lamellae were present in the cytoplasm of a few cells (Fig. 6 ). Some cells contaiined many microtubules, about 17-25 nm in diameter, in their cytoplasm (Fig. 7) .
A very small proportion of cells in HPRS Line 1 (less than 0.50o) contained particles resembling immature intranuclear herpesvirus capsids (Fig. 8) . The particles measured about 90-95 nm in diameter and no enveloped forms or cytoplasmic particles were observed. No herpesvirus particles have been observed in Line 2, although fewer cells than from Line I have been examined to date.
The cultures were also examined for the presence of C-type particles. Such particles have not been observed.
1)1D( U SSION
The ultrastructural details of the aviami cells examined in the present study closely resemble those of human lymphoblasts derived from Burkitt's lymphoma (Epstein and Achong, 1965, 1970) . The main difference between the two cell lines is the presence of prominent nucleoli in the Burkitt's cells, both at the light and electron microscope levels Epstein and Achong, 1965, 1970) (Miller, Stitt and Miller, 1970) aand it has been suggested that EBV7 infection may be a prerequisite for the permanent growth of h-uman lymphoblastoid cell lines in vitro (Nilsson et al., 1972) . A similar situation may also occur in AMarek's disease, since recently, Nazerian (Nazerian et al., 1973; Nazerian and Lee, 1975 (Mladenov et al., 1972; Doak, Alunnell and Ragland, 1973; Frazier, 1974) . The presence of nuclear projections has been reported in the lymphoid cells of other neoplasnms including Burkitt's lymphoma (Achong and Epstein, 1966; Papadimnitrion, 1966; AMollo and Stranignoni, 1967; Parker, Wakasa and Lukes, 1967; Miller et al., 1969) . Recent work (Weber et al., 1973) suggests a relationship between nuclear projections in bovine peripheral blood lymphocytes and production of C-type virus particles in cultures of these cells. However, C-type particles were not observed in the HPRS lines, nor in those of Akiyama (Akiyama et al., 1973; Akiyama and Kato, 1974) . Nuclear projections have also been seen in apparently normal cells (Sebuwufu, 1966; Toro and Olaih, 1966; Huhn, 1967; Smith and O'Hara, 1967) including lymphocytes cultured with phytohaemagglutinin (Mollo and Stranignoni, 1967; Frazier, unpublished observations) . However, they are rarely seen in the lymphoid organs of healthy chickens (Frazier, 1974) . It would thus appear that although cells with nuclear projections could be neoplastic, they can be a feature of normal lymphoid cells although they tend to be associate( with increased proliferation of the cells.
Cytoplasmic crystalline structures similar to those observed in the present study have been seen in other situations. They have been observed in cultured chick cells infected with strains of Marek's disease (Frazier, unpublished observations) and turkey herpesvirus (Nazerian et al., 1971) . They are also present in shortterm cultured blood lymphocytes from birds with MD (Campbell and Woode, 1970) and it has been suggested that they represent abortive attempts to assemble virus in the cytoplasm. However, in the present study and that of Nazerian et al. (1971) , the crystalline structures were usually associated with degenerating cells. Other work suggests that they are caused by ribosome crystallization (Maraldi and Barbieri, 1969; Barbieri et al., 1970) .
The ultrastructure of the HPRS cell lines not surprisingly resembles that of many of the cells in MD tumours. The tumours are composed of both thymusand bursa-dependent cells although most are of thymic origin (Hudson and Payne, 1973; Rouse, Wells and Warner, 1973) .
The MD-derived HPRS cell lines are also of thymic origin (Powell et al., 1974) . This identification is supported by the ultrastructural finding of abundant ribosomes and sparse endoplasmic reticulum in the cells. This and other work suggest that the development of lymphomata in Marek's disease is dependent upon malignant transformation of thymus-dependent lymphocytes by MD virus.
